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(54) A method for the treatment of natural rubber field latex 



(57) A method forthe treatment of fresh natural rubberfield latex comprises incubating the field latex with a proteolytic 
enzyme at a pH suitable forthe enzyme. The amount of enzyme present and the incubation conditions are such that the 
enzyme-treated field latex, when subsequently processed into epoxidised natural rubber latex, has improved 
coagu lation and crepeing properties. 

A method forthe preparation of epoxidised natural rubber from fresh natural rubberfield latex is also described. 
This comprises i) incubating the field latex with a proteolytic enzyme at a pH suitable for the enzyme, ii) epoxidisingthe 
enzyme-treated field latex to the desired mole % level of epoxidation, iii) coagulating the epoxidised natural rubber 
latex, and iv) crepeing, washing, crumbling and drying the epoxidised natural rubber. 
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SPECIHCATION 

A method for the treatment of natural rubber field latex 



10 



20 



25 



^ IlihLT^lKfiJlV^'^*!?*?''? "^f of natural rubber (NR) field latexforthe production of epoxidised natural 
™bber|ENR)Jnpart,cular.trBlatestoamethodoftreatmentofNRfieldlatexsothatENRcan 

tho« ^ '^''^'^ " w k'" '""^^^''^ ^ relatively newform of rubberwhich hassome useful properties similarto 

epox dation of natural rubber and other unsaturated polymers is well known. ENR may be preDaredfrom 

centnfugedlatex concentrates which isafewweeksold{heremafterreferredtoa^ratu^^^^^^^^ 
concentrate-) by epoxidatlon with peracetlc or parformic acid under controlled conS^tfonrAftS the 

non-,on.csurfactantcan be coagulated by heating to a temperatureclose to the cloud polntofSiesurfactant 
Large scale production of ENR involves the following steps: ortnesurfactant. 
(a) epoxidation of the latex, 
20 (b) coagulation ofthe latex with steam, 

/wlo^f ^^'"^.!?'*!'^^*''"^P*^^®''°^9"'"'" ^"'^ hammermilling the crepe to form crumbs, 
(a) chemical treatmentto improve properties, 

(e) drying of the crumbs and 

(f) pressing and palleting ofthe dried crumbsi 
25 For the production of 50 mole % epoxidised natural rubber (ENR50) latexfrom matured latex concentratP !tic 

usual to add 25 parts per hundred parts rubber (phr) of common saltto the^SxtS^^owSKSicSSSJ 

process. Thecoagulumisaliowed to consolidateormatureforZhou^ 

30 c^ is SSvlaSe^^^^^^^ 

creSlr hammJr^TS«?^ '^^^ 30 
creper-hammermill. These operations, i.e. step (c) ofthe above process, are important because besidL 

dewatenng the coagulum they also facilitate the removal from tL coagulumXxceSS^^l^^^^^^ 
andreactionby-productswhichJftheyweretoremain,couldcauseadve.^Tp°^^^^^^ 

T^«P™<=ess'ngoftheENR50coagulumintodrycrumbsusesthesameconventron^^^^^ 
35 equipmentasthatusedforproducingcrumbrubbere.g.Heveacrumb. "^^^^o^a'-^acKneryand 

However, If the starting material for epoxidation is fresh NRfieldlatex,rBtherthahmaturedlat6x 

with direct steam even with the addition of common salt. It requires a longer period of hea^ng for coaauLtPon 

■ '^l^'^'^!^^'!P^^^'*'*°^"""''=t^"tiallyverticalstainlesssteelcolumnasath1n 

SOsurfacesthereofuntnitcomesmtocontactwithsteamwhichhasbeenintroducedintotheinTeri^ 50 

through the remainder ofthe column and is collected attheexitthereof. um passes 

ENR50 latex prepared from matured latex concentrate Can be coagulated in the column coaoulator h.ittho 
55 rn^nT '^'^f P'^**^ ^"'^ '"t°fi"« Particlelon^e crepeUf t^e sr^Jl pie^^^^^^ 
thefinerparticles, however,still do notform a crepe.ENR25 latex preparedfrom matured latK^concenfrate 

60 theS?mncL*m!.ftnr?^'^"f 

65Brobtemsth»hassofa,notb«„possll>le.Th,seprobtemsar.ratherunrq™anaKlsbelleveS,h^^^^^^ » 
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of a similar nature have not been encountered before in the processing of natural rubber latex into dry rubber. 
It isto be understood that the term "field latex" as used herein includes field latex in which the bottom fraction * 
and sfudge have been removed by clarifying with a centrifugal clarifier. 

There area number of differences between fresh field latex and matured latex concentrate, such as a 
5 difference in particle size. However, it may be supposed that for present purpose&the most important 5 
differenceisthepresenceof a much larger amount of non-rubber substancesinfield latex. There area lotof 
non-rubbersubstancesih natural rubber latex including thefolFowing classes of substances: inositols, 
carbohydrates, proteins, lipids, amino acids, other organic acids, nitrogeneous bases, thiols, nucleic acids and 
metallic cations and inorganic anions. It may seem obvious to try to solve the problems by removing the 
10 non-rubbersubstances, butitisnotatall obvious as to which of these are causing the problems. lo 

British Patent No. 1,366,934 describes a method of removing protein from natural rubber which compnses. 
fncubatrng natural rubber latex with a proteolytic enzyme at a pH suitable for the enzyme in the presence of a ■ 
soap to prevent premature thickening or coagulation of the latex and subsequently separating protein aceous' 
material from the rubber. The resulting deproteinlsed.natural rubber(DPNR) contains not more than 1% of 
15 p rotei n aceous jn ate rial. . '15 

It has now been found that the afore-mentioned problems a ssociated.with the use of fresh field latex forthe 
production of epoxidised natural rubber are caused by the presence of a large amount of protein m thefield 
latex and; more specifically, it is the molecular size of the proteins which causes the. problems: ' 
. According to thepresent invention there is provided a method for thetreatment of fresh natural rubberfield 
20 latexwhich comprises incubating thefield latex with aproteolytrcenzymeatapHsultablefortheenzyme,the 20' 
amountof enzyme present and.the incubation conditions being such that the enzyme-treated field latex, when 
subsequently processed into epoxidised natural rubber latex, has improved coagulation andcrepelng 
properties.. . . 

According to a further embodiment of the present invention there is provided a method forthe preparation 
25 of epoxidised natural rubber from fresh natural rubberfield latexwhich comprises the following steps:- 25 
1) incubating the field Jatex with a proteolytic enzyme at a pH suitable forthe enzyme, 

ii) epoxidising.the.ehzymertreated field tatex to the desired m6le:% leveJ of epoxidation, • 

iii) coagulating the epoxfdised natural rubber latex, and 

iv) crepeing, washing, crumbling and drying the epoxidised natural rubber. 

30 The latexto be treated with enzyme could also beskim latex orfi.eld latexto which somesldm latex has been . 30 
added before epoxidation. , • 

It has been found that a limited enzyme treatment of fresh or matured latex concentrate before epoxidation 
to high epoxidation levels (e.g. ENR 50). enables the epoxidFsed latexto be coagulated using either the batch 
coagulation methodorthe continuous column coagulation method wItKoutthe need to add common saltto 

35 the latex and the resulting coagulum has good crepeing properties, "35 
The present invention therefore provides a vvay of overcoming the previously described problems by 
providinga method of reducing the size of the protein nriolecules in the field latex by enzyrnatic hydrolysis 
using any proteolv^icenzyme. The ievel of enzyme added tothefield latex and the incubation time are very 
important and are much greaterthan those required for preparing enzyme deproteinised natural rubber by the 

40 previously known method referred to above. After the enzyme treatment. It is not necessary to remove the 40 
- deg raded protein fragments from the latex. The enzyme-treated field latex, after the appropriate incubation 
period, is ready for epoxidation to the required mole % epoxidation level; The ENR latexthus prepared cfin be 
successfully coagulated by steam according to either (a) the batch coaguliatfon method, or (b) the continuous 
coagulation.method. In both processes of coagulation, no addition of common saltto the latex is required. 

45 In the batch coagulation method,steam is passed directly into the ENR latex held in a series of containers 45 
until the temperaturereaches about 98°C. The hot coagulum is left to mature typically for from about 1/2 hour 
to3 hours. During this period the srnallerpjeces of coagulum consolidate and form a big and quifecoherent " 
mass. Coagulation is completed giving a clear serum. During the maturation period, the coaguium is tested at 
intervals for its abifity to form a crepe afteronepas? through the creper. Assoon asthis is possible.the 

50 coagulum is creped and washed about 8 times and is then comminuted to crumbs using the 50 
creper-hammermill. Forthe final size-reduction other conventional machinery, e.g. a creper-shredderor 
extruder orpelletiser, may also be used. The crumbsare then dried with through circulation of hot air (about 
sec to 100*^0 in the.usual way. It is not advisable to leave the hot coagulum to mature for longer than is 
necessary as excessive heat is known to degrade the rubber molecules. Maturation of the hot coagulum for 

55 different periods of time may be used to prepare ENR of varying molecular weight and hencegenerally 55 
different Moo ney viscosity.. 

In the cpntiriubus coagulation method,.the ENR latex is passed down a vertfcal stainless steel column and is 
coagulatedwith steam inside the column as described eariier. The coagulum is collected in a container placed • 
attheexitofthecolumn.Jtisthen leftto mature typically for from 1/2hourto3hoursandisthencrepedand • 

60 washed and converted to crumbs and dried in a similar way as in the batch coagulation method. Forthis 60 
method to work effectively, it is desirableforthe ENR latexto have a dry rubber content of about 25% or higher. 

in the present process, we have used SavinaseS.OLand Atcalase 2.5Lboth of which are alkaline proteinases 
butotherproteolyticenzymesmaybeused. Both these enzyme preparations are commercially available. 
These are supplied in liquid forrn and consist of the active enzyme dissolved in a solvent system consisting of 

65 1 ,2-propanediol,.stabilis.er and water. Savinase 8.0L has an activity of 8.0 Kilo Novo Proteinase Units per gram 65 
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(KNPU/g) while Alcalase2.5L has an activity of 2.5 Anson Units pergram{AU/g). 

The physical fornn of the enzyme is not innportant, for example Alcalase 2.0T.which is available as dry 
granules having an activity of 2.0 AU/g has also been used successfully. A disadvantage of using thegranular 
form IS that the mert carrier, e.g. titanium dioxide, which is insoluble in water must be removed by 
5 sedimentation or centrifugation after the enzyme has been dissolved. This operation results in the loss of s 
some of the enzyme. Moreover, if sedimentation is used to remove the inert carrier, a dilute solution of about 
5 /o must be prepared to obtain maximum recovery of the enzyme solution. This dilute enzyme solution causes 
undesirable dilution of the field latex. 

The amount of enzyme may be chosen to obtain a desired rate or degree of proteolysis. We have used 0 05 to 
10 1 Phrofthe liquid enzymeforfreshfield latex. Timeandtemperatureof incubation mayalsobechosento io 
achieve the desired rate and degree of proteolysis, typical figures being from 1 2 to 96 hours atfrom 25°C to 
60°C. The pH range forthe enzymes isf rom 7.5 to 1 1 .0. Itwill be appreciated that if the enzymatic hydrolysis is 
carried outat a high temperature (AO-BO'*), the incubation timeand/orthe level of enzyme reauired can be 
reduced. 

15 Theamountofenzymeandthetimeofincubationareveryimportant. Low levels of enzyme and short 15 
incubationtimes which are sufficient for preparing DPNR are Inadequate for solving the problemsof 
coagulation and crepeing satisfactorily. These are illustrated in Examples 1 to 3. Forthe preparation of DPNR 
as descri bed in British Patent No.. 1 ,366,934 the latex after Incubation with enzyme is diluted to a solids content 
ofabout 3% pnorto coagulation with acid so as to avoid entrapping proteinaceous material in the coaguium 

20 We have used this method to assess approximately the extent of protein breakdown using different levels of 
enzyme and different incubation times. This is illustrated in Example I.The nitrogen content of the DPNR 
provides some indication of the extent of protein breakdown. 

The ENR produced from enzyme-treated field latex has a low nitrogen content, typically about 0.04% on the 
weight of the rubber. This value is even lowerthan the lowest value obtained, about 0.06%, for DPNR prepared 

25 by enzyme deproteinisation of field latex (Example 1 ). The reason forthis is probably dueto further hydrolysis 
of the enzyme-degraded protein fragments and/or hydrolysis of other nitrogen-containing compounds (e.g. 
phosphol ipids) under the conditions of the epoxidation reaction, i.e, heat and performic acid. The increased 
solubility of the protein fragments during the heat coaguiation of the ENR latex could also accountforthis 
lower value. The ash content of the ENR is typically 0.08% by weight It is noted thatthe nitrogen contentof 

30 ENR prepared from matured latex concentrate is about 0. 1 1 % on the weight of the rubber. 30 
if it is desired to improve the properties of the ENR e.g. Wallace plasticity and plasticity retention index,this 
may be achieved using known chemical methods. For example an antioxidant may be added to the latex 
before coagulation and the ENR crumbs may be treated with an antioxidant beforedrying. 
J il'^ "ot fully understoodwhyen2ymatic hydrolysis of the proteins in field latex should solve the problemsof 

35 difficulty in coagulation of ENR latex and inability of thecoagulum to form a crepe, butit seems likely thatthe 35 
following factors contnbute to the result. Underthe epoxidation conditions which consist of heating the latex 
withfonnic acid and hydrogen peroxidein the presence of a non-ionic surfactant, {a)the protein moleculesare 
chemically converted to some form of steric stabiliser and/or (b) the protein molecules interact chemicallywith 
thenonHomcsurfactanttoformbiggerstericstabiliser molecules. (Non-ionicsurfactantsarestericstabihs^^ 

40 themselvesl.Theseprotein-derivedstericstabilisermoIecules havetheeffectof inhibiting or reducingthe 40 
probability of the latex particles cohering and coalescing with one anothertoform a quite continuousand 
coherent mass, when collision between particles occurs at temperatures of less than about 100*0. Hence the 
ENR latex is difficult to coagulate by heating with steam. In the presence of salt the protern-derived steric 

stabiliserandthenon-ionicsurfactantgradualIylosesomeoftheirstabiirsationpropertytowardsheat.Hence 
45 on heating the ENR latex in the presence of common salt, some coagulation occurs; this is the result of mbber 
particles coalescing to form loose aggregates. Depending on the size, each loose aggregate containsmany 
rubber particles having som e contact with one another but because of the presence of the protein derived 
steric stabiliser molecules on the surfaceof the particles, the latter are inhibited or hindered from further 

coalescmgwithoneanothertoform a bigger and quitecontinuousandcoherentmass.Thelooseaggregates 
50 are also similariy inhibited or hindered from coalescing with one another to form a bigger mass. Infactthe 

matured coaguium on passing through the creper breaks up into loose aggregates. 
When the protein molecules are hydrolysed into small fragments e.g. poJypeptides and amino acids and 

underthe epoxidation reaction conditions, the reaction products that may be formed from these small 

fragments iiave a lower steric stabilisation property compared with the very much bigger protein-derived 
55 stencstabiliser;thesmallerthefragments, the lower isthestabiiisationproperty. This probably explainswh 55 

a higher level of enzyme and longer incubation time which result in a greater degree of proteolysis are more 

effective in solving the problems described. 
The following examples are included to illustrate the present Invention. 

60 Example 1 

Field latex was preserved with 0.25% ammonia on latex weight. Potassiu m oleate was added to the latex at a 
level of 1 phr to stabilise the latex when the proteins weredegraded. The enzymes, Savinase 8.0L and Alcalase 
2.5U were aded to two samples of the latex at levels of 0.1 to 0.5 phr and the latex mixtures were incubated at 
room temperature (about 30°C) for 1 to 6 days. 
65 After various incubation periods, a sample of each latexwas dilutedto a solids contentof about3% before 65 



45 
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coagulation with formic acid iri the usual way. The eoagalated rubber was creped and dried in warm air in the 
usual way. The nitrogen contentof the rubber isgiven in Table 1 . 

TABLE 1 Nitrogen content of rubber (weight%) from field latex treated with Savinase andAicalase 
5 . 

Enzyme ieveir 

pht • 



Days 


. 0.10 


0,75 


0.20 


0.30 


0.40 


0,50 




10 1 


0:08 


0.09 


0.08 


0.08 


0.06 


0.08 


10 




(0.25) 


(0.13) 


(0.09) 


(o.io) 


{0.08) . 


(0.1.0) 




2 


0.09 


0.08 . 


0;07 


0.08 


0.06 


0,07 






10.09) 


(0.08) 


(0.09) 


(0.09) 


(0.07) 


(0.07) . . 




15 














15 


3 


0.07 


o:06 


0.06 


0.08 


0.06 


0.07 • 






(0.08). 


(0.07) 


(0.07) 


(0.05) 


(0.06) 


(0.07) 




4 


0.07 


0.07 - 


0.07 


0.07 


0.06 


0.07 




20 


(0.07) 


(0.07) 


(0.07) 


(0.06) 


iO.OJf 


(0.06) 


20 


6 


0.07 


0.07 , 


0.06 


0.07 


0.07 


0.06 






(0.06) 


(0.07) 


(6.07) 


(0.08) 


(0.08) 


(0.07) 





25 Unbracketed yafuesareforSavmase treated latex while bracketed values are for Alcalase treated latex. 25 

Nitrogen contentof control rubber (i.e:fio enzyme treatment) = 0.35% 
It IS seen that for an incubationtfmeof 1. day and at enzyme levels of less than about 0.2 phr, Savinase 8.0L is 

more effective than Alcalase 2.5L but af longer incubation times both enzymes are equally effective in 

hydrolysing the proteins in the latex. . - • 

30 - .30 

Examp/e2 

Fresh field latex was preserved with 0;25% by weight of ammonia (System A) or 0.25% by weight of 
ammonia plus 0.013% of tetramethyJthiuramdisuiphicfe{TMTD) and 0.013% of zincoxide (Systems). 
Preservative system B is known to keep field latex stable and fluid for a longer period than system A. Non-ionic . 
35 surfactant (e.g. Teric 16A29) used to stabilise the latex for the epoxidation reaction was added at ^ level of 2 .35 
phr. (Teric 16A29 is a condensation product of one molecule of a long chain aliphatic alcohol mainly cetyl 
alcohol andabbut twenty nine molecules of ethylene oxide.) Theliquid enzyme preparatiohwas added to the 
latex mixture whfch^was then allowed to incubate at room temperature for 24 to 66 hours. After incubationthe 
latex wa&epoxidised toENRSO by heating with formic acid and hydrogen peroxide for about 24 hours! The 
40 reaction was then stopped by neutralising the acid with ammonia. The ENR50 latex was then coagulated with 40 
- steam by either (a) the batch coagulation method or (b) thecontinuous coagulation method. 

In the batch coagulation method, steam was passed directly into the latex in a series of containers until the 
temperature reached about95X. The latex coagulated and the coagulum was left to mature typical lyfor a bout 
i/2hourto 3 hours untilit could form a creped afterbne pass throughthecreperjtwasthen crepe and washed 
45 about 8 times and then size-reduced to crumbs on the creper-hamnriermill in the usual way. The crumbs were 45 
dried with through circulation of hot air in the usual way. 

In the continuous coagulation method, the ENR50 latex vvas passed down a vertical stainless steel column as > 
a thinfilm and was. coagulated with steam inside the column as described in UK Patent Application No. 
8427736. The coagulum was collected in container placed atthe exit of the column. It was then left to mature 
50 typically for 1 /2 hour to 3 hours and was creped and washed atimes and converteci to crumbs and dried in a 50 
similar way asfor the batch coagulation method. Forthis methodto work effectively itisdesirableforthe. 
EIMR50 latex to have a dry rubber content of about 25% or more. 

The conditionsforenzymetreatmentand their effectuponthecoaguliation of ENRSOIatexandthM 
the coagulum to form a crepe are shown in Table 2. 
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TABLE 2 Effect of enzyme treatment conditions on the coagulation andcrepeing ofENRSO 



Experimental 
fieldlatex 

5 


Enzyme 
level,phr 


incubation 
Time,i)ours 


Coagulation 


Crepeing 


1, System A 


Nil 




poor 


cannotform 


2. System A 

3. System A 
10 4. System A 

5. System A 

6. Systems 

7. Systems 


0.40 Savinase 
0.25 Savinase 
0.25 Savinase 
0.25Alcalase 
0.35 Savinase 
0.35Alcalase 


24 
42 
66 
66 
42 
42 


good 
good 
good 
good 
good 
good. 


crepe 

poor 

poor 

good 

good 

good 

good 



15 Goodcoagulationindicatesthatcompletecoagulationoccurred^whilepoorcoagulationindicatesthat 
coagulation was either incomplete or little coagulation occurred. 

Good crepeing indicates that the coagulum formed a crepe after 1 passthrough the creper, while poor 
crepeing indicates that many passes were needed before a crepe was formed. 
The nitrogen contents of the NER50 obtained were 0.03 to 0.04 weight % for Experiments (2) to (7) These 
20 i;f' "^7^;®Jowerthan those ofENRSO (average = 0.1 1 weight %) prepared from matured latex concentrateor 
lN?Dtn! ?r deproteinisation of fief d latex shown in Table 1 . The average ash content of the 

ENR 50 (45 samples) prepared according to Experiments (4) to (7) was 0.08% by weight with a standard 
deviation of 0.02%. ' » «•« 

It is seen that the presence of a small amount of TMTD and zinc oxide in the latex did notaffectthe 
25 effectiveness ofthe enzymes used. 

FromTable2,itisnotedthatthelevelofenzymeaddedandthetimeof incubations 
to solve the problems of coagulation and crepeing satisfactorily. Low levels of enzyme and shortincubation 
times which are sufficient for preparing DPNR (Table 1 ) are inadequate for solving these problems 
satisfactorily. 

30 

Examples 

Fresh field latex was preserved with 0.25% by weight of ammonia and stabilised with 1.6phrof non-ionic 

ENR25byheatm^gwithformicacidandhydrogenperoxideforabout24hours.Thereactionwasthenstopped 
35 by neutralising the acidic latex mixture with ammonia. The latex was coagulated with steam by either (a) the 
batch coagulation method or (b) the continuous coagulation method and the coagulum was creped and 
convertedto crumbs and dried In a similar way asforENR50 in Example 2. The initial sizes ofthe rubberflocs 
appeared to be smaller than those of ENR50. However, on maturation for 1/2 hour to 2 hours, these floes 
conso idated into a big mass which could be creped and convertedto crumbs without problems if enzymatic 
40 hydrolysis was sufficient. 

The effect ofthe conditions of enzyme treatment on the coagulation of ENR25 latex arid crepeing behaviour 
ofthe coagulum is shown in Table 3. yw«iiaviuur 



45 



TABLE 3 Effect of enzyme treatment conditions on tfie coagulation andcrepeing ofENR25 



Experiment 



1 

50 2 
3 
4 



Savinase 
!evel,phr 

0.3 
0.4 
0.6 
0.40 



Incubation 
Time,hours 

42 
66 . 
66 
96 



Coagulation Crepeing 



poor 
poor 
good 
good 



good 
good 



The nitrogen content ofthe ENR25 obtained was 0.04 weight % for Experiments (3) and (4) and the ash content 
55 wassimnartothoseofENR50in Examples. . "ledbnuonieni 

Example 4 

This example demonstrates heat accelerated enzymatic hydrolysis. 

The incubation time and/or the level of enzyme needed can be reduced by accelerating the enzymatic 
60 hydrolysis ofthe proteins present in field latex This is achieved by carrying out the hydrolysis at elevated 
temperature (e.g. 40»C- 60°C). It has been found that it is not necessary to maintain theteniperature ofthe 
enzyme-treated latex at a constant level. Hence on day zero 4000 litres of enzyme-treated field latex (treated in 
asimilarwayasinExample2forENR50andExample3forENR25)wereheatedto55'^C whereuponthe 
heating was discontinued to save energy (and thus reduce costs). The latex mixture was covered and left 
65 undisturbed overnight (about 18 hours) so that the hydrolysis could proceed. The next day (day one) the 
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15 



20 



25 



30 



35 



4b 



45 



50 



55 



60 



55 
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15 



temperature of the latex was found to have dropped to about 46T. Atthe end of this 1 8 hourenzyme 
treatment, the Jatex was ready for epoxidation to ENR50 in a simflarway as in Example2. 

For a 42 hour enzyme treatment, the latex was again heated to 55Xon day one, whereupon the heating was 
discontinued and the latexleft undisturbed for 24 hours. It was then epoxidised to ENR 50 in a similar way asln 
Example 2 or epoxidised to ENR 25 as in Example 3* 

Similarly for a 66 hour enzyme treatment, the latex was again heated to 55°C on day two, the heating was 
then discontinuied and the latex left for another 24 hours. It was then epoxidised to ENR 25 in a similar way asln 
Examples. 

The epoxidised latex, after neutralisation with ammonia, was coagulated with steam by either (a) the batch 
coagulation method or (b) the continuous column coagulation method and the coagulum was creped and 
converted to crumbs and dried in a similar way as in Examp!&2. 

The effects of the above conditions of heat and enzyme treatment on the coagulation of epoxidised latexahd 
the crepeing behaviour of the coagulum are shown inTable4. 

TABLE 4i Effect of enzyme treatment conditions f45^-Sff'CJ on the coagulation arid crepeing of ENR 50 and 
ENR2S 



10 



15 



20 



25 



30 





■ * Enzyme level. 


Incubation 






Experiment ' - 


■ * phr • 


Time, hours . 


Coagulation 


Crepeing 


1. ENR 50 


0.25 Alcalase 


ia 


Good. 


Poor 


2. ENR 50 


0.40Alca]ase 


18 


Good 


Gopd 


3. ENR 50 


D.40Savinase 


18 


Good 


Good 


4. ENR 50 


0.20 Alcalase 


42 


Good 


Poor 


5. ENR 50 


0.30 Alcalase 


42 


Good. 


Good 


6. ENR 50 • 


0.30 Savinase 


42 


Good 


Good 


7, ENR 25 


0.55 Alcalase 


42 


Good 


Good - 


8. ENR 25 


0.35 Alcalase 


66 


Good 


Good 


9. ENR 25 


0.35 Savinase 


66 


Good 


Good 



35 



AlcaJase refers to Alcalase 215 Lwhile Savinase refersto Savinase 8.0. L. 

For ENR 25, the coagulation of theepoxidisediatex(Experiments7to 9) was much betterthanthatin 
Experiments 3 &4 of Example 3 since the initial sizes of the coagulated rubber appeared to be biggerand 
therefore the coagulum could be creped, in a shorter time. 

The nitrogen and ash contents of the epoxidised rubbers were similar fo those in Exampfes2 &3. 
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CLAIMS 



1 . A method forthe treatment of fresh natural rubber field latex which comprises incubating thefield latex 

40 with a proteolytic enzyme at a pH suitable for the enzyme, the amount of enzyme present and the incubation. 40 
conditions being such that the enzyme-treated field latex, when subsequently processed into epoxidised 
natural rubber latex^ has improved coagulation and crepeing properties. 

2. A method as claimed in claim 1 , wherein the natural rubberfield latex isincubated with from 0.05 to 1 phr 
of a proteolytic enzyme havlnganactivity of 8,0KNPU/g enzymeof 2.5 AU/g enzyme forfrom 12 to 96 hoursat 

45 from25*'Cto60°C. 45 

3. Amethodasctaimed in claim 1 or claim 2, wherein Savinase or Alcalase or other alkaline proteinase is 
. used as-theenzyme ata pH of from 7.5to 1 1 . 

4. A method as claimed in any one of claims 1 to 3, wherein a non-ionic surfactant is present at a level of 
from 1 to 5 phrsoto stabilise the latex during the enzyme treatment and prevent premature coagulation. 

50 5. EpoxFdised natural rubber iatex which has been prepared from natural rubberfield latextreated 50 
according to the method as claimed in any one of claims 1 to 4. 

6. A method forthe preparation of epoxidised natural rubber from fresh natural rubberfield latex which 
comprisesthefollowfng steps:- 

i) incubating the field latex with a proteolytic enzyme at a pH suitable forthe enzyme, 
55 ii)epbxidising the enzyme-treated field latex to the desired mole % level of epoxidation, 55 

iii) coagulating the epoxidised natural rubberlatex, and 

iv) crepeing, washing, crumbling and drying the epoxidised natural rubber. 

7, A method as claimed in claim 6, wherein the epoxidation of step ii) is performed by heating the 
enzyme-treatedfTisldlatexwithformicacid and hydrogen peroxide.. ■ . 

60 8. A method as claimed in claim 6or claim 7, wherein the coagulation of step iil) is performed bypassing BO 
steam dfrectlyintothe epoxidised natural rubber)atexuntilthetemperaturereachesabout98°C. . . 

9. A methodas claimed in claim 6 or claim 7, wherein the coagulation of step iii)]s performed by passing- 
the epoxidised natural rubber latex down a stainless steel column counter-currenttosteam. 
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1 0. A method as claimed In any one of claims 6 to 9, wherein additional chemicals, such as an antioxidant, 
are added to the epoxidised natural rubber latex before coagulation and/or to the epoxidised natural rubber 
crumbs before drying. 

1 1 . Epoxidised natural rubber which has been prepared from natural rubberfield latex treated according to 
5 the method as claimed in anyone of claims 1 to 10 and wherein the nitrogen content isnot more than 0,08% by 

weight. 
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